Aim: The aim of this observational study was to evaluate the epidemiology of disc haemorrhages (DH) in Polish patients with normal tension glaucoma (NTG) and their association with some risk factors. Material and methods: The group studied consisted of 274 Caucasian patients with NTG (410 eyes) divided into those with disk haemorrhages (DH+, = 94 eyes in 81 patients) and those without disc haemorrhages (DHÀ, = 316 eyes in 193 patients). Ophthalmic examinations with visual field (VF) testing were carried out in these patients every 3 months for at least 18 months. The medical history was recorded taking glaucoma, other ophthalmic diseases, chronic general disorders and vascular risk factors into account. Results: Unilateral and bilateral DH were observed more frequently in women (p = 0.0010). Maximum IOP was significantly higher in the DH+ group (p = 0.000026). Notches and peripapillary atrophy were found with similar frequency in DH+ and DHÀ patients (p = 0.4631). The mean defect (MD) in the VF at the time of diagnosis was lower in the DH+ group (À6.27 dB) than in the DH group (À10.14 dB), (p = 0.000055). The initial MD in the DH+ group had a positive correlation with maximum initial IOP. A progressive loss of VF was observed in 206 eyes with NTG (50.2%), with a mean of 0.72 dB/year. The progression was more frequent in DH+ patients (78.4% versus 41.1%), but there were no statistically significant differences in the rate of progression between DH+ and DHÀ patients (p = 0.46). The morphology of early scotoma depended on the presence of DH (p < 0.00001), and early scotoma in the DH+ group was more frequently localized paracentrally. There was a significant difference in a number of antiglaucoma drops between DH+ and DHÀ patients (p < 0.00001). There were no differences in the frequency of migraines between both groups (p = 0.31). General hypotension was observed with similar frequency in the DH+ DHÀ groups (p = 0.3). General hypertension was less frequent in DH+ patients (p = 0.041), especially in women (p = 0.000027). Diabetes mellitus (DM) was significantly less frequent (21.3%) in patients with DH+ (3.7%) than in the DHÀ group (p = 0.000852), especially among the women (p = 0.000216). Conclusion: In our study, DH were more frequent both unilaterally and bilaterally in women. Initial intraocular pressure (IOP) was higher in NTG patients with DH, and early scotoma was localized in the paracentral area of the VF. Disc haemorrhages (DH) were less frequent in women with general hypertension and with diabetes mellitus.
Introduction
Glaucoma is a form of degenerative optic neuropathy characterized by progressive loss of retinal ganglion cells and their axons, resulting in characteristic optic disc changes and visual field (VF) loss (Weinreb & Khaw 2004) . Although elevated intraocular pressure (IOP) is the most important known risk factor for its onset and progression (Leske et al. 2007 ), glaucoma also develops in a sizable subset of patients despite untreated IOP within the statistically defined normal range (Shields 2008) . This 'normal tension glaucoma' (NTG) is a form of open-angle glaucoma in which optic nerve damage and VF defects are present despite untreated IOP, which is always 21 mmHg or less (Levene 1980 ). The exact mechanism by which anatomic and functional damage occurs in patients with NTG remains unknown. The two proposed theories include the mechanical theory (a relatively high IOP) and the vascular theory (reduced blood flow to the optic nerve) (Coleman 1999) .
Disc haemorrhage (DH) is a feature of glaucomatous optic neuropathy commonly observed in NTG and rarely found in normal eyes (Drance 1989) . The pathogenesis of DH remains unclear. There are four biomechanical forces on the level of the lamina cribrosa: IOP, arterial pressure and venous pressure, cerebrospinal fluid pressure and the occurrence of DH may be associated with pathologic changes or an imbalance of these forces (Healey et al. 1998) .
The aim of this study was to evaluate the epidemiology of DH in Polish Caucasian patients with NTG, taking their overall ocular status and known risk factors of NTG into account.
Materials and Methods
The group studied consisted of 274 Caucasian patients with NTG (173 females and 101 males) treated at the Department of Diagnostics and Microsurgery of Glaucoma of the Medical University of Lublin, Poland between 2012 and 2015. Written consent was obtained from all patients before their enrolment in the study and was included in each patient's study documentation. The study adhered to the tenets of the Declaration of Helsinki, and the study design was approved by the Ethics Committee of the Medical University of Lublin (approval number: 127/12).
Patients with NTG met the following inclusion criteria: glaucomatous neuroretinal rim loss, glaucomatous VF damage in at least three valuable perimetric tests, an open angle in gonioscopy and the highest measured IOP ≤21 mmHg) Patients included in the study group were examined every 3 months to assess the presence of disc margin haemorrhages. Patients with previous story of the eye trauma, elevation of IOP noted in any point of the life, in any sign of possible secondary glaucomas (pseudoexfoliation, pigment dispersion, retinal or iris neovascularisation), after peripheral iridotomy or retinal photocoagulation were excluded from the study.
Glaucomatous DH were defined as isolated splinter-shaped or flameshaped haemorrhages on the neuroretinal rim or crossing the optic disc margin and not caused by any other non-glaucomatous optic neuropathy, retinopathy or posterior vitreous detachment (Healey et al. 1998) .
The presence of DH at any visit classified that patient to the DH+ group. If no DH were found during the observation period, the patient was classified as DHÀ. Patients observed for less than 18 months or who missed any follow-up visit were excluded from the analysis. The group of patients with NTG and DH consisted of 81 patients (94 eyes). The group of patients with NTG without DH consisted of 193 patients (316 eyes).
During regular follow-up visits, best corrected visual acuity (BCVA) in decimal Snellen charts, maximum IOP and IOP with Goldmann applanation tonometry were measured and gonioscopic, pachymetric, VF (30-2 SITAfast, Humphrey), biomicroscopy and stereoscopic fundus examinations were carried out. The vertical cup to disc ratio was assessed by comparison with standard photographs. In the first visit, OCT of macula and disc were performed to exclude coexisting pathologies. All IOP measurements were corrected according to measurements of central corneal thickness (CCT) obtained during pachymetry. The medical history was recorded regarding glaucoma, other ophthalmic diseases, chronic general disorders (general hypertension and hypotension, diabetes mellitus) and vascular risk factors (migraine, low blood pressure and cold extremities). The demographic characteristic of the studied group is put in Table 1 .
In DH+ patients, only the eyes with DH were included in statistical analysis; in the case of DHÀ patients, all eyes with NTG were analysed.
The results of the VF examinations were allocated according to the Keltner classifications (Keltner et al. 2003) as: paracentral scotomas, arcuate scotomas and nasal/temporal step defects. Changes affecting more than one localization were treated as advanced. Additionally, glaucoma was staged according to the MD value, which was also used to assess glaucoma progression. The presence of the progression was assessed following Humphrey Guided Progression Analysis. In case of progression, the ratio of the progression was counted according to event analysis by assessment of the difference between MD in the first and the last VF examination. 
Results
Of the 274 NTG patients, 81 had DH (29.5%); DH were observed bilaterally in 13 of the 81 patients (15.5%).
The DH+ group included 64 women (79%), the DHÀ group 109 women (56.5%). The group with bilateral DH included 12 women (92.3%). Female gender was an important risk factor for the presence of DH (v 2 = 10.721; p = 0.0010).
Mean BCVA in patients with NTG and DH was 0.76 AE 0.2 and in the group without DH 0.67 AE 0.2 (p = 0.000756). Similar differences were observed for both genders, Mean maximum IOP in the group as a whole was 17.6 mmHg AE 2.9 mmHg; it was 18.3 mmHg AE 2.5 mmHg in the DH+ group and 16.9 mmHg AE 3.4 mmHg in the DHÀ group (p = 0.000026). Significantly, DH+ females had a BCVA = best corrected visual acuity, CCT = central corneal thickness, CDR = cup-to-disc ratio, DH = disc haemorrhages, IOP = intraocular pressure, NTG = normal tension glaucoma, PPA = parapapillary atrophy; *statistically significant. maximum IOP of 18.2 mmHg in contrast to DHÀ females, with 17.1 mmHg (p = 0.007112); this difference was also significant in males (DH+ 18.5 mmHg versus DHÀ =16.0 mmHg; p = 0.000556). There were no significant differences in maximum IOP between DH+ males and DH+ females (p = 0.462499).
Mean central corneal thickness (CCT) in the DH+ group was 538.5 lm AE 40.8 and in the DHÀ group 533.3 AE 33.4 (p = 0.35). In both groups, CCT did not differ between females and males (DH+ p = 0.13; DHÀ p = 0.61). central corneal thickness (CCT) was slightly higher in DH+ females than in DHÀ females (543.7 lm versus 533.3 lm) but did not reach statistical significance (p = 0.077).
The mean vertical cup-to-disc ratio (CDR) in DH+ eyes was 0.77 and 0.80 (p = 0.248769) in DHÀ eyes. The difference between DH+ and DHÀ males was 0.79 versus 0.85 (p = 0.002225).
Parapapillary atrophy (PPA) was observed in 38.2% eyes with DH and in 35.2% eyes without DH (v 2 = 0.31; p = 0.5791). Among women, PPA was significantly less frequent in DH+ patients (28.9% vs 39.1%; v 2 = 22.5671; p < 0 .00001.), while in males the frequency of PPA was similar between both groups (v 2 = 2.1199; p = 0.145396). Overall, notch was found in 226 of the 410 NTG eyes (55.1%). More precisely, it was observed in 56.7% of the DH+ eyes and 54.9% of the DHÀ eyes (v 2 = 0.54; p = 0.4631). There was no statistically significant difference between the genders in either group.
Visual field
The mean defect (MD) at the time of diagnosis was lower in DH+ eyes (À6.27 dB) than in the DHÀ group (À10.14 dB) (p = 0.000055). This difference was even more significant in males (DH+: À6.35 dB versus DHÀ: À13.2 dB; p = 0.000050) In the DH+ group, the initial MD was positively correlated with maximum initial IOP (R Spearman's = 0.20); this was not observed in the DHÀ group.
Glaucoma progression with a mean of 0.72 dB/year was observed in 206 eyes with NTG (50.2%): 0.76 dB/year in DH+ eyes (74/94 eyes = 78.7%), and 0.71 dB (130/316 eyes = 41.1%) in DHÀ eyes. There were no significant differences in the rate of this progression (p = 0.458425), but it was found more frequently in DH+ patients. There were no differences between genders in the progression rate. About 8.5% patients in the DH+ group showed a progression rate of more than 1.5 dB/year, which was almost twice as high as that of the DHÀ group (4.5%).
In the NTG group with DH, the most frequent VF defect was paracentral scotoma (33.9% of the eyes). Arcuate defects were found in 21.1%, early peripheral defects in 14.4%, and hemispheric defects in 3.4% of these eyes. In NTG DHÀ eyes, the most frequent early defect was arcuate scotoma (22.3%); paracentral defects were found in 9.9%, peripheral defects in 3.9% and hemispheric defects in 6.7% of these eyes. Advanced VF changes were observed more frequently in DHÀ patients (33.7% versus 12.7% of DH+ eyes). The defect depended on the presence of DH (v 2 = 53.0377; p < 0.00001).
There was a statically significant difference in use of medication between DH+ and DHÀ patients (v 2 = 38.8449; p < 0.00001). About 14.9% of the DH+ patients were without medical treatment and 30.7% of the DHÀ group. A maximum medical therapy with three agents was found in 36.8% of the DH+ patients and 16.6% of the DHÀ patients.
The detailed analysis of VF results is presented in Table 2 .
General status
The mean age of patients in the group studied was 71.2 years (range: Table 3 .
Discussion
The prevalence of DH in the normal population ranges from 0 to 1.4%, whereas it is a much higher 2-33.4% in (Yamamoto et al. 2004 ). Like Yamamoto (Yamamoto et al. 2004 ), we did not observe a significant prevalence among women in our NTG patients overall, but bilateral DH were much more frequent in females. This female preponderance of DHs has been reported in several studies on NTG and glaucoma (Sugiyama et al. 1999; Yamamoto et al. 2004; Bengtsson et al. 2008 ), but some other authors have failed to observe this relationship (Suh & Park 2011 ). The differences observed in our study indicate that some female-specific features may be involved in the pathogenesis of DH. For example, there is growing evidence that levels of circulating oestrogen influence processes relevant to glaucoma (Vajaranant & Pasquale 2012) .
One of the very interesting issues surrounding the pathogenesis of disc haemorrhage is that of its relationship with IOP. Many studies have shown that disc haemorrhage is not dependent on IOP. The most important proof comes from the likelihood of DH, which is a typical finding in NTG but not in HTG. In our study, initial IOP was 1.4 mmHg higher in patients with DH than in DHÀ. Although this may seem too small for clinical significance, the EMGT study reported that a 1 mmHg increase in IOP on follow-up was associated with a 10% higher risk of glaucoma progression . Additionally, the higher the initial IOP in our DH+ patients, the more frequently we observed an initial mean VF defect. All these findings seem to indicate that DH are at least partially IOP-dependent. For his part, Lee divided NTG patients according to maximum IOP for patients with IOP over and under 15 mmHg and found DH more frequent in patients with higher IOP (Lee et al. 2014 ). This is supported by a study conducted by Miyake, who found that the incidence of disc haemorrhage decreased after trabeculectomy as IOP declined in both NTG and HTG populations (Miyake et al. 2006) .The results of our study indicate that DH is at least partially IOP-dependent, and that glaucoma progresses more frequently in DH+ patients. This supports the argument for IOP-lowering therapy in the case of NTG with DH. A previous study has shown that lowering IOP is likely to slow further VF loss after a disc haemorrhage (Medeiros et al. 2010) . However, the rates of glaucoma progression in our DH+ and DHÀ groups were similar, indicating that other factors, especially age and the morphology of initial scotoma, should be considered before the introduction or augmentation of antiglaucoma therapy.
The mean age of our DH+ and DHÀ patients was similar at the time of diagnosis. In view of this, it is surprising that MD at the time of diagnosis was statistically higher in the DHÀ group than in the DH+ group. This could indicate problems with diagnosis; some authors have pointed out that NTG patients often remain undiagnosed until the advanced stages of the disease (Shields 2008) , whereas the presence of DH facilitates glaucoma diagnosis. The most problematic group as far as diagnosis is concerned are NTG males, where MD and CDR are significantly more advanced. On the other hand, disc haemorrhage frequency increases from the early stage of glaucoma to the moderate stage and, thereafter, decreases as the disease progresses to the advanced stages of glaucoma (Jonas et al. 2002) . This suggests that some of our patients with advanced glaucoma may have been DH+ in the earlier stages of glaucoma.
Disc haemorrhage (DH) is of clinical importance because its presence is an important prognostic factor for glaucoma progression . The percentage of glaucomatous VF progression in our NTG group as a whole is similar to the one reported by the CNTG group ; however, after a division of our group according to the presence or absence of DH, it was found that the incidence of glaucomatous progression in NTG was 1.5 times higher in patients with DH -similar to the data reported for a smaller group by Rasker (Rasker et al. 1997) .
Whereas DH indicated a risk of progression in our Polish group, the rate of progression was found to be similar in both the DH+ and DHÀ groups. According to the results of CNTGS, DH are a well-known risk factor for glaucomatous progression in NTG patients, and the stringent IOP control treatment carried out in our DH+ patients may have resulted in the comparable rate of glaucomatous progression observed in both groups. The rate of progression observed in our study was more than twice as high as that reported by Park . However, the initial MD in this study was also twice smaller than in our patients, and some studies have suggested that a baseline MD of more than À4.0 dB carried an increased risk of progression compared to an MD of less than À4.0 dB .
De Beaufort observed patients with recurrent DH and found that such recurrence did not result in a faster rate of glaucomatous progression in the VF; his finding of 0.8 dB/year was similar to that in our data (de Beaufort et al. 2010) . The number of patients with rapid progression was three times smaller in our data than that reported by Prata ), but these patients also underwent a much longer follow-up. Significantly, the initial scotoma in our study was more often located paracentrally in DH+ patients. Similar results were reported by Kang, who examined 159 Korean NTG patients with early changes in the VF and found that the frequency of DH was significantly higher among patients with initial central scotoma than in patients with initial peripheral scotoma (Kang et al. 2015) . Patients with glaucomatous central VF loss may be at greater risk of losing VA (Kolker 1977) . Also, central and peripheral VF loss cause different problems in the performance of daily life activities . Identifying the presence of DH as a risk factor for early loss of useful VA might make it possible to pay more attention to this group of patients (Kang et al. 2015) .
Among the limitations of our study is the fact that its data were collected by means of a questionnaire rather than during clinical examinations; this could have led the patients who filled out the questionnaire to underestimate general risk factors. While our study was based on data obtained from a single ophthalmology clinic, it also came from a homogeneous Caucasian population and was assessed by experienced glaucoma specialists.
The frequency of diabetes mellitus (DM) in the general population increases with age, and it has been estimated that about 20% of men and 30% of women aged 60-70 have DM type 2 (Weingard et al. 1990 ). In our study, DM was present in 15% of NTG patients, but was less frequent in patients with DH. The lower frequency of DM in NTG may be related to the general status of some NTG patients with a lower body weight and (BMI) body mass index (Asrani et al. 2011) , both of which are protective against DM type 2. However, this was not tested in our study. On the other hand, there is also the possibility that some factors which emerge during the course of diabetes are disc haemorrhage protective on any level of its pathogenesis. Some reports like the Ocular Hypertension Treatment Study have proposed that diabetes is protective against open angle glaucoma (OAG). According to Quigley (Quigley 2009 ), ischaemia and neuronal death as the results of impairment of retinal vascular function in diabetes may predispose ocular tissues to glaucoma, which has been proved to up-regulate survival pathways in the retinal ganglion cells. Additionally, the increase in production of vascular endothelium growth factor (VEGF) observed in early diabetes has also been shown to play a role in neuroprotection (Nishijima et al. 2007) .
The association between NTG and a history of migraine headaches has been suggested in previous publications (Broadway & Drance 1998; Healey et al. 1998 ). According to results obtained by the Low-Pressure Glaucoma Treatment Study, migraine was also risk factor for disc haemorrhage detection (Furlanetto et al. 2014) ; however, this was not confirmed in our study. Gramer found migraines in 21.4% of NTG patients (Gramer et al. 2015) , and Kim found migraines in 20% of his Korean DH+ patients (Kim et al. 2010) , which is similar to the results of our study. The incidence of migraines in these studies, including our own, was much lower than that found by Corbett, 44% of whose NTG patients reported a history of migraine (Corbett et al. 1985) . The frequency of migraines observed in our study was similar that in the general population (10-15%) (Stovner et al. 2007) , with highest prevalence among those of working age (25-55 years) (Nguyen et al. 2016) . With age, the frequency of migraine diminishes, whereas that of glaucoma increases (Wang et al. 1997 ). Gramer found no evidence that migraine or vasospasms are prognostic factors in (POAG) primary open angle glaucoma or NTG. Patients with greater VF loss at the time of diagnosis did not suffer from migraine or vasospasm more frequently than patients with an incipient VF loss at the time of diagnosis (Gramer et al. 2015) .
The prevalence of cold extremities, the other symptom of vasospasm, in our DH+ patients, was in the range described for the general population (11%-19%) (Gramer et al. 2015) and was lower than that observed in DHÀ group (33.5%). Impaired autoregulation of blood flow in the optic nerve head seems to be a potential risk factor for glaucoma but not for the presence of DH. In a previous study, we found that the serum level of endothelin-1, the main vascular constrictor and indicator of primary vasospasm, was lower in a DH+ group than in DHÀ NTG patients (Wr obel-Dudzi nska et al. 2015) In the present study, cold extremities, like migraines, were reported more frequently by female patients. Gramer found a higher frequency of vasospasm in female patients but no significant relationship with different forms of glaucoma (Gramer et al. 2015) .
Systemic arterial pressure may influence arterial pressure on the optic nerve head. Kim showed that among various parameters including IOP, diabetes and aspirin usage hypertension was the only statistically significant disc haemorrhage risk factor in an NTG group (Kim et al. 2010 ). On the other hand, another study found that general hypotonia and lower diastolic perfusion pressure were among the first risk factors associated with the incidence of glaucoma in population-based studies , and nocturnal hypotension has been suggested as a means of identifying patients at higher risk for scotomic VF progression. In our study, general hypertension was more frequent overall than general hypotonia, as Kim also found (Kim et al. 2010) . Significantly, our patients with DH were more frequently hypotensive, whereas patients without DH were more frequently hypertensive, especially in the group of women. The protective influence of general hypertension against DH suggests that factors connected with perfusion of optic nerve are involved in their pathogenesis; this is consistent with the results of the Barbados Eye Study , which reported that hypertension has a protective role in the development of glaucoma by maintaining adequate perfusion of the optic nerve.
In conclusion, DH were found more frequently in the women of our study, especially if observed bilaterally, in our study population of Polish patients with normal tension glaucoma. In our NTG patients with DH, initial IOP was higher, and early scotoma was localized in the paracentral area of the VF. Glaucoma progression as detected in the VF was more frequent in the presence of DH, with a similar rate of progression in both the DH+ and the DHÀ group. Additionally, DH were less frequent in women with general hypertension and diabetes.
